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[57] ABSTRACT

A transformer system for measuring electrical current
includes an electrical conductor having first and second
conductor portions. The first conductor portion con-
ducts electrical current in one direction and the second
conductor portion conducts the electrical current in an
opposite direction. The first conductor portion pro-
duces a magnetic field H, and the e_second conductor
portion produces a magnetic field Hp. A coil having a
non-ferromagnetic core is positioned between the first
and second conductor portions so that the axis of the
coil is substantially parallel to the magnetic fields H,
and Hj. The separation between the outer circumferen-
tial surface of the coil and the first and second conduc-

tor portions is the minimum distance for avoiding a
voltage breakdown therebetween for a predetermined
maximum electrical current in the conductor portions.

At least one ferromagnetic shield surrounds the first and

second conductor portions for shielding the coil from
external magnetic fields.

19 Claims, 3 Drawing Sheets
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TRANSFORMER SYSTEM FOR MEASURING
ELECTRICAL CURRENT

FIELD OF THE INVENTION

The mvention relates to a transformer system, and
particularly, to a transformer system suitable for use in
an electrical meter for measuring the electrical current
flowing in an electrical conductor.

BACKGROUND OF THE INVENTION

T'ranstformer systems of the type considered herein
have many uses and applications. One use is in electrical
meters for measuring instantaneous electrical power
delivered to a consumer. In this case, the instantaneous
value of the electrical current is measured using a suit-
able circuit arrangement and is muitiplied by the instan-
taneous value of the supply voltage. Transformer sys-

tems are known and one arrangement has been dis-
closed in DE-AS 1,079,192.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a trans-
former system suitable for use in an electrical meter for
measuring electrical current. The transformer system is
simple and has non-critical mechanical tolerances. In
addition, the transformer system is relatively insensitive
to potentially interfering external magnetic fields and
enables a strong output signal which is precise and reli-
able.

In one embodiment, the transformer system includes
an electrical conductor having two conductor portions.
An electrical current in the electrical conductor moves
In one direction in one conductor portion and in the
opposite direction in the other conductor portion.
When an electrical current is in the electrical conduc-
tor, one conductor portion produces a magnetic field
H; and the other conductor portion produces a mag-
netic field H. A wire wound coil having a non-ferro-
magnetic core is positioned between the two portions of
the electrical conductor so that the axis of the coil is
substantially parallel to the magnetic fields H, and Hj,

In addition, the separation between the outer circum-
ferential surface of the coil and the two conductor pOr-
tions of the electrical conductor is made the minimum
distance for avoiding a voltage breakdown therebe-
tween. A ferromagnetic shield is arranged to surround
the two conductor portions of the electrical conductor
to provide shielding from external magnetic fields.

The transformer system according to the invention
has a relatively simple construction suitable for com-
mercial production and also provides a strong output
signal. The transformer system is relatively insensitive
to external magnetic fields.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of embodiments according to the invention
are described herein in further detail in connection with
the drawings in which:

FIG. 1is a cross sectional view of a first embodiment
of the invention taken along line A-B of FIG. 2:

F1G. 2 is a cross sectional view of the first embodi-
ment of the invention taken along the line C-D of FIG.
1;

FIG. 3 is a front perspective view of a second em-
bodiment of the invention; and |
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FI1G. 4 1s a front perspective view of a third embodi-
ment of the invention.

Identical reference numerals designate identical parts
in all figures of the drawings.

DESCRIPTION OF THE INVENTION

Referring to FIGS. 1 and 2, the transformer system
shown is used to measure the electrical current i flow-
ing in an electrical conductor 1. The electrical conduc-
tor 1 has two conductor portions 12 and 15. As shown
in FIG. 2, the electrical current i enters the conductor
portion 12 and exits in a generally opposite direction
through the conductor portion 15. At least one ferro-
magnetic shield 2 surrounds the conductor portions 14
and 1) to provide protection against the adverse influ-

- ences of external magnetic fields.
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At least one coil 3 is located between the conductor
portions 1z and 15. The coil 3 is wound on a coil body
4 which is non-ferromagnetic. The coil body 4 can be
air. Generally, the coil 3 is a wire wound coil and pref-
erably relatively flat as shown in FIG. 2. The electrical
current 1 flowing in the conductor portions 1¢ and 14
generates magnetic fields H; and Hj, respectively. The
cotl 3 is arranged so that the axis of the coil 3 1s substan-
tially parallel to the magnetic fields Hj and Hy.

The distance between the circumferential surface of
the coil 3 and the conductor portions 1z and 15 of the
electrical conductor 1 is made to be substantially equal
to the minimum distance required to avoid voltage
breakdown for a predetermined maximum electrical
current in the current portions. Typically, the distance
18 at most 1 millimeter. This spacing results in the mag-
netic coupling between the electrical conductor 1 and
the coil 3 being substantially the largest possible amount
without creating a hazard of voltage breakdown.

The coil 3 is preferably located in a housing 10 made
of electrically insulating material to provide electrical
insulation for the coil 3 with respect to the conductor
portions 1a and 1b. Preferably, the housing 10 is made
from a ceramic material and includes a bottom portion
102 and a housing cover 105. The coil 3 can be located
on a carrier made of an electrically insulating material o
which additional electrical structural elements are also
located. The bottom 10z of the housing 10 can be this
carrier.

The ferromagnetic shield 2 is preferably made of
material having a high permeability such as an iron-
nickel alloy. Suitable iron-nickel alloys are available
commercially under the trade names of PER-
MENORM, VACOPERM, TRAFOPERM, PER-
MAX, ULTRAPERM, and NU-METAL. The ferro-
magnetic shield 2 is preferably in the shape of a cylinder
and can be made from at least one piece of sheet metal
bent into the shape of a cylinder. This mechanical struc-
ture for the ferromagnetic shield 2 greatly simplifies its
fabrication. The length “L” of the ferromagnetic shield
2 as shown in FIG. 2 is greater than the greatest dimen-
sion of the open ends of the cylinder so that the ferro-
magnetic shield 2 is highly effective in shielding the coil
3 from external magnetic fields.

The conductor portions 1z and 15 can have rectangu-
lar cross sections and in such a case, it is preferable for
the ferromagnetic shield 2 to also have a rectangular
cross section. In one embodiment, the conductor por-
tions 1a¢ and 15 are part of a U-shaped loop 11 and are
parallel to each other. Typically, the rectangular cross
sectton of the conductor portions 1q and 15 can be 2 mm

by 10 mm for a current i of about 100 Amps. As indi-
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cated above, additional structural elements (not shown)
such as the wiring electronics of the transformer system
can be installed on a carrier either inside or outside the
housing 10.

In FIG. 1, the width of the housing 10 is shown as
being greater than the width of the conductor portions
1a and 1b. In that case, the cross section taken along line
A-B of the housing 10 would completely fill the space
between the portions 1g and 15 of the electrical conduc-
tor 1 and the bend of the U-shaped ioop 11. The width
of the housing 10, however, can also be equal to or
smaller than the width of the conductor portions ia and
15. In this case, the cross section taken along line A-B of
the housing 10 fills the space between the conductor
portions 1a and 15 only partially. The conductor por-
tions 1a and 1b can cross the space between the housing
10 and the ferromagnetic shield 2 in such a manner that
they are in physical contact with the housing 10 and
electrically insulated from the ferromagnetic shield 2.
Between the ferromagnetic shield 2 and the conductor
portions 1g and 15 there are electrically insulating lay-
ers 13a.

The ferromagnetic shield 2 can be completely sur-
rounded circumferentially by a substantially parallel,
cylindrical, outer shield 12. Electrically insulating lay-
ers 13b can be located between the ferromagnetic shield
2 and the outer shield 12. The outer shield 12 has a
length *“Z” as shown in FIG. 2 which is greater than the
length “L” of the ferromagnetic shield 2, so that the end
surfaces of the ferromagnetic shield 2 are also partially
shielded. The length *“Z” can be about 30 mm.

The outer shield 12 is preferably made of deep-drawn
steel or an iron-nickel alloy. The insulating layers 135
increase the spatial separation between the ferromag-
netic shield 2 and the outer shield 12, thereby improving
the shielding of the outer shield 12. The insulating lay-
ers 13b can have a thickness of about 0.05 mm. The
highly permeable but easily saturated ferromagnetic
shield 2 is protected, in part, by the outer shield 12 from
strong external magnetic fields.

Accordingly, the ferromagnetlc shield 2 and the
outer shield 12 serve together as a double shield against
external magnetic fields. Without the outer shield 12,
the ferromagnetic shield can remain unsaturated up to a
typical value of an external magnetic field of approxi-
mately 50 A/cm. With the double shield, the ferromag-
-netic shield 2 can remain unsaturated up to a typical
value of an external magnetlc field of approximately 200
A/cm.

The voltage induced in the coil 3 is proportional to
the time derivative of the total m 1agnetic field H, and
H;. For sinusoidal ma netlc fields H, and Hp, the sum of
the magnetic fields H;+ Hp is substantially equal to 2Hj
because both magnetic fields H; and Hj are of about
equal magnitude and have about the same direction.

When the magnetic fields H; and H} are not sinusoi-
dal, the output of the coil 3.can be connected to a bipo-
lar tnput of an integrator (not shown in the drawmgs)
The output signal of the integrator at every instant is
proportional to 2H,. The mtegrator can be a Miller
integrator. A Miller integrator is known in the art and
generally includes an operational amplifier which has
an output fed back through a capacitor to an inverting
input terminal of the operational amphﬁer Each of the
mput terminals of the integrator is connected to the
respective inverted and non-inverted input terminals of
the operational amplifier within the integrator through
a resistor.
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The close magnetic coupling between the conductor
portions 1a and 15 to the coil 3 is precise and reliable for
the arrangement disclosed herein. The ferromagnetic
shield 2 reduces the sensitivity of the coil 3 to external
magnetic fields and the addition of the outer shield 12
provides additional decoupling of the coil 3 from exter-
nal magnetic fields.

The second and third embodiments shown in FIGS. 3

and 4, respectively, are distinguished from the first
embodiment primarily because of the configuration of

the electrical conductor 1.

In the arrangement shown in FIG. 3, the electrical
conductor 1 forms at least two U-shaped loops 11a and
116 which are positioned side by side and parallel to
each other in confronting relationship while being con-
nected electrically in series. The conductor portions 16
and 17 are associated with the U-shaped loop 112 while
conductor portions 18 and 19 are associated with the
U-shaped loop 11b. The conductor portions 16 and 17
are positioned one above the other and substantially
parallel to each other while the conductor portions 18
and 19 are positioned one above the other and parallel
to each other. The conductor portions 16 and 18 pro-
vide paths for the electrical current i in one direction
while the conductor portions 17 and 19 provide paths
for the electrical current in the opposite direction. The
directions of the flow of the electrical current i are
indicated by arrows in FIG. 3.

The housing 10 and coil 3 are positioned between the
conductor portions 16 and 18 as well as between the
conductor portions 17 and 19 so that all of the conduc-
tor portions 16, 17, 18, and 19 are in proximity of the
housing 10. The ferromagnetic shielding 2 and, if pres-
ent, the outer shielding 12 surround the U-shaped loops
11a and 115 radially and are electrically insulated from
them. This arrangement makes it possible to excite the
transformer system shown in FIG. 3 with half the elec-
trical current used in FIG. 1 without altering the con-
figuration of the ferromagnetic shield 2 and the housing
10. The use of half the electrical current in FIG. 3 pro-
duces substantially the same magnetic field as the elec-
trical current in FIG. 1 because of the two U-shaped
loops 11a and 115.

In one arrangement, the U-shaped loops 11z and 115
can be telescoped into each other. In this arrangement,
the conductor portions 16 and 18 have electrical current
In one direction and are arranged one above the other
rather than next to each other as shown in FIG. 3. Simi-
larly, the conductor portions 17 and 19 have the same
electrical current in the opposite direction and are ar-
ranged one above the each other rather than next to
each other. As a result, the conductor portions 16, 17,
18 and 19 in a telescoping arrangement can be nearly
twice as wide and half as thick as in a side by side ar-
rangement.

In FIG. 4, the electrical conductor 1 includes electri-
cal conductors 20 and 21 which are parallel to each
other at least within the ferromagnetic shield 2 and
arranged so that they first cross the ferromagnetic
shield in one direction, then cross each other while
being electrically insulated from each other and then
again cross the ferromagnetic shield 2 in the opposite
direction. For this case, the housing 10 and the coil 3 are
arranged between the electrical conductors 20 and 21.
The electrical conductors 20 and 21 can be fabricated
parallel to each other and arranged one above the other
as shown in FIG. 4. The outer shield 12 can surround
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the ferromagnetic shield 2 advantageously as shown in
FIG. 4.

The transformer system shown in FIG. 4 can be used
in electrical meters suitable for the United States of
America and enables the meter to be excited with two
independent single-phase currents i; and i3, each about
200 Amps, without altering the configuration of the
housing 10 or the ferromagnetic shield 2. One of the
two currents 1; and i can be substantially zero in an
extreme case. Such an overall design of the conductors
20 and 21 allows the transfer constants of the two cur-
rents 1j and i3 to be substantially equal in size.

Finally, the above-described embodiments of the
Invention are intended to be illustrative only. Numerous
alternative embodiments may be devised by those
skilled in the art without departing from the spirit and
scope of the following claims.

I claim:

1. A transformer system for measuring electrical cur-
rent comprising: ,

an electrical conductor having first and second con-
ductor portions, said first conductor portion con-
ducting an electrical current in one direction and
said second conductor portion conducting the elec-
trical current in an opposite direction:

said first_conductor portion producing a magnetic
field H, and said second conductor portion produc-
ing a magnetic field Hy;

a flat coil having a non-ferromagnetic core; said coil
having an axis and an axis and an outer circumfer-
ential surface;

said coil being positioned between said first and sec-
ond conductor portions so that the axis of said coil
is substantially parallel to said magnetic fields H,
and Hp;

the separation between the outer circumferential sur-
face of said coil and said first and second conductor
portions being the minimum distance for maximiz-
Ing the magnetic coupling between said conductor
portions and said coil while avoiding voltage
breakdown for a predetermined electrical current
in said conductor portions; and

at least one ferromagnetic shield surrounding said
first and second conductor portions for shielding
said coil from external magnetic fields,

said ferromagnetic shield being fabricated from sheet
metal in the form of a cylinder electrically insu-
lated from said first and second conductor por-
tions, :

the length of said cylinder being greater than the
largest dimension of the open ends of said cylinder,
and

a housing made from an electrically Insulating mate-
rial around said coil, said housing having walls
which electrically insulate said coil from said first
and second conductor portions,

said housing including a bottom portion which com-
prises a carrier for said coil.

2. The transformer system of claim 1, wherein said
first and second conductor portions have rectangular
cross sections and said cylinder has a rectangular cross
section.

3. The transformer system as claimed in one of claims
1 and 2 wherein said electrical conductor forms a U-
shaped loop which comprises said first and second elec-
trical portions.

4. The transformer system as claimed in one of claims
1 and 2, wherein said electrical conductor forms at least
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6

two U-shaped loops which are in side-by-side relation-
ship with each other and are electrically connected in
series;
one of said U-shaped loops comprising said first and
second conductor portions and the other U-shaped
loop comprising third and fourth conductor por-
tions;
all of said conductor portions being substantially
parallel to each other:

sald first and second conductor portions being ar-
ranged one above the other and being operable for
conducting an electrical current in opposite direc-
tions;

said third and fourth conductor portions being ar-

ranged one above the other and being operable for
conducting the electrical current in opposite direc-
tions;

said first and third conductor being arranged in one

plane;

saild second and fourth conductor portions being

arranged in a second plane;

said electrical conductor further including a conduc-

tive path connecting said second and third conduc-
tor portions;

said coil being positioned between said first and third

conductor portions and between said second and
fourth conductor portions.

5. The transformer system as claimed in one of the
claims 1 and 3 wherein said electrical conductor forms
at least two U-shaped loops which are telescoped with
respect to each other and are electrically connected in
series;
one of said U-shaped loops comprising said first and

second conductor portions and the other U-shaped

loop comprising third and fourth conductor por-
tions; all of said conductor portions being arranged
parallel to each other:

said first and third conductor portions being arranged
one above the other and operable for conducting
an electrical current in one direction while said
second and fourth conductor portions being ar-
ranged one above the other and operable for con-
ducting the electrical current in the opposite direc-
tion;

said electrical conductor further including a conduc-
tive path connecting said second and third conduc-
tor portions;

said coil being positioned between said first and third
conductor portions and between said second and
fourth conductor portions.

6. The transformer system as claimed in one of the

claims 1 and 2, wherein said electrical conductor com-

prises two mutually parallel conductors: said parallel

conductors being substantially similar and arranged in
side-by-side relationship; each of said parallel conduc-

tors forming at least two U-shaped loops which are in

side-by-side relationship with each other and are electri-
cally connected in series:
one of said U-shaped loops comprising said first and
second conductor portions and the other U-shaped
loop comprising third and fourth conductor por-
tions;
all of said conductor portions being substantially
parallel to each other:
said first and second conductor portions being ar-
ranged one above the other and being operable for

conducting an electrical current in opposite direc-
tions;
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said third and fourth conductor portions being ar-
ranged one above the other and being operable for
conducting the electrical current in opposite direc-
tions;

satd electrical conductor further including a conduc-

tive path connecting said second and third conduc-
tor portions;

said conductor portions of said mutually parallel con-

ductors being interleaved;

saild coil being positioned between said parallel con-

ductors.

7. The transformer system of claim 1, wherein said
housing 1s made of a ceramic material.

8. The transformer system as claimed in claim 7,
wherein additional electronic elements are located on
said carrier.

9. The transformer system of claim 1, wherein said
ferromagnetic shield is made of an iron-nickel alloy.

10. The transformer system of claim 1, wherein said
ferromagnetic shield is surrounded on its circumferen-
t1al surface by a substantially parallel outer shield in the

shape of a cylinder.
11. The transformer system of claim 10, wherein said

outer shield is made of deep-drawn steel.
12. The transformer system of claim 10, wherein said
outer shield is made of an iron-nickel alloy.
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13. The transformer system as claimed in one of
claims 10-12, wherein said ferromagnetic shield and
said outer shield are spaced apart from each other.

14. The transformer system as claimed in claim 1
wherein said minimum distance is about 1 mm.

15. The transformer system as claimed in claim 4
wherein said conductive path is a diagonal conductive
path.

16. The transformer system of claim 5 wherein all of

sad conductor portions are arranged one above another.
17. The transformer system as claimed in claim 6

wherein said first conductor portions of each of said
parallel conductors are arranged in one plane, and said
fourth conductor portions of each of said parallel con-
ductors are arranged in a second plane.

18. The transformer system as claimed in claim 6
wherein said first and second conductor portions of one-
of said parallel conductors are disposed between said
third and fourth conductor portions of the other of said
parallel conductors.

19. The transformer system as claimed in claim 6,
wherein said conductive paths of each of said parallel
conductors are diagonal conductive paths which cross
each other while being electrically insulated from each

other.
- x - * &
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